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SPECIFICATION 
TITLE OF THE INVENTION 

METHOD OF RECORDING INFO RMATION TO AN OPTICA L 
R ECORDING MEDIUM. OPTICAL RECORDING MEDIUM AND 
INFORMATION RECORDING AND REPRODUCING APPARATUS 



BACKGROUND OF THE INVENTION 

The present invention relates to a method of recording information to 
an optical recording medium, an optical recording medium and an information 

10 recording and reproducing apparatus, and particularly to a method of 
recording information to an optical recording medium, an optical recording 
medium and an information recording and reproducing apparatus that can 
improve cooling efficiency when recording marks are formed, thereby 
decreasing thermal interference between recording marks and preventing 

15 cross-talk and cross-erasing of data. 

DESCRIPTION OF THE PRIOR ART 

Optical recording media typified by the CD and the DVD have been 
widely used as recording media for recording digital data, and a widely used 

20 data recording format is one wherein the lengths of recording marks along the 
track are modulated depending on the data to be recorded. For example, in a 
CD-RW, which is one type of optical recording medium whose data is user- 
rewritable, an EFM modulation format is used wherein recording marks of 
lengths corresponding to 3Tto 11 T (where T is one clock cycle) are used to 

25 perform the recording of data. Further, in a DVD-RW, an 8,16 modulation 
format is used wherein recording marks of lengths corresponding to 3 T to 117" 
and \4T are used to perform the recording of data. 
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When a recording mark is formed, a laser beam is shined along the 
tracks of the optical recording medium, thereby forming an amorphous region 
having a predetermined length in a recording layer included in the optical 
recording medium and the thus formed amorphous region is utilized as a 
5 recording mark. Other regions of the recording layer than the amorphous 
region are in crystalline phase. 

Here, at the time of forming recording marks in optical recording 
media, rather than illuminating the optical recording medium with a laser 
beam having the same pulse width as the time corresponding to the length of 
10 the recording marks, typically a laser beam consisting of a number of pulse 
trains determined based on the type of recording mark to be formed is shined 
onto the optical recording medium to form recording marks of the stipulated 
length. 

For example, when recording data onto a CD-RW as described above, 
is a number of pulses equal to n— 1 (where n is the type of recording mark, taking 
a value of either 3 to 11) is continuously shined, and thus one of the recording 
marks having a length corresponding to 3 T to 1 1 T is formed. Accordingly, two 
pulses are used to form a recording mark with a length corresponding to 3T, 
while ten pulses are used to form a recording mark with a length 
20 corresponding to 1 1 T. 

Figures 12 (a) and (b) are diagrams showing a conventional recording 
strategy in the case of forming recording marks of lengths corresponding to 3T 
to lir. As shown in Figure 12 (a), in the case of forming a recording mark of 
a length corresponding to 37, two pulses are supplied during the interval 
25 between the times t s and t e based on the pulse number defined by the number 
of times the power of the laser beam shined during recording is raised to a 
recording power Pw and a cooling pulse whose power of the laser beam is 
lowered to a bottom power Pb is then supplied. Similarly, in the case of 



2 



forming one of record marks of lengths corresponding to 4T to 87", 
pulses are supplied and the cooling pulse is then supplied. The recording 
power Pw is set to a level at which a record mark can be formed even if 
thermal interference between recording marks is low. For example, it is set to 
5 6.6 mW irrespective of the position of the pulse whose power of the laser 
beam is raised to the recording power Pw among a top position, an 
intermediate position and a last position. Further, for example, an erasing 
power Pe is set to 3.0 mW and a bottom power Pb is set to 0.5 mW. 

In recent years, it has become strongly desirable to achieve further 

10 increases in the capacity of information recorded in an optical recording 
medium and the recording velocity of information. The capacity of 
information recorded in an optical recording medium can be increased by 
narrowing the track pitch as much as possible. On the other hand, in order to 
increase the recording velocity of information, it is effective to increase the 

15 crystallization velocity of the recording film. 

However, as the track pitch is set narrower in order to increase the 
capacity of information recorded in an optical recording medium, cross-talk 
and cross-erase of information increase. Further, in the case where the 
crystallization velocity of a phase change material recording film used for a 

20 recording layer is increased in order to increase the recording velocity of 
information, there is a tendency during recording of information for a region 
whose phase should be changed to the amorphous phase to be crystallized i.e., 
re-crystallization of the recording film tends to occur. 

These problems cause the formation of recording marks having 

25 undesired length and shape and increase jitter of a reproduced signal. In some 
cases, it may become impossible to reproduce data. 

In order to prevent the re-crystallization of a recording film, it is 
known to be effective to set the recording power (Pw) of the laser beam used 



for recording data high and the erasing power (Pe) of the laser beam low, 
thereby setting the ratio (Pe/Pw) of the recording power (Pw) and the erasing 
power (Pe) low. It is necessary to set the ratio (Pe/Pw) lower as the 
crystallizing velocity of a phase change material recording film increases, in 

5 other words, as the desired data transfer rate increases. 

However, although it is necessary to use a high linear recording 
velocity in order to increase the data transfer rate up to 70 Mbps, for example, 
and record data, in the case where the recording power and the erasing power 
of a laser beam are increased to record data at high velocity, since the 

10 crystallization velocity of the phase change material film is high and the 
interval between periods during which the laser beam is projected onto the 
phase change material film is short, re-crystallization of the phase change 
material is liable to occur due to thermal interference. In particular, in the case 
where the shortest space between neighboring recording marks is equal to or 

15 shorter than 20 ns, the influence of thermal interference becomes extremely 
great. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a method of 
20 recording information to an optical recording medium, an optical recording 
medium and an information recording and reproducing apparatus that can 
improve cooling efficiency when recording marks are formed, thereby 
decreasing thermal interference between recording marks and preventing 
cross-talk and cross-erasing of data. 
25 The above object of the present invention can be accomplished by a 

method of recording information to an optical recording medium to which 
information is recorded by projecting a pulse-modulated laser beam onto the 
optical recording medium and forming on the optical recording medium a 
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plurality of recording marks selected from a group consisting of several types 
of recording marks each with different lengths, wherein: the method of 
recording information to an optical recording medium comprises a step of 
setting recording powers of a top pulse and/or a last pulse of a laser beam used 
5 for forming at least one recording mark contained within said group to a 
second recording power lower than a first recording power which is a 
recording power of an intermediate pulse(s) between the top pulse and the last 
pulse, thereby recording information in the optical recording medium. 

According to the present invention, since the recording powers of the 

10 top pulse and/or the last pulse of the laser beam are set to be lower than the 
recording power of the intermediate pulse(s), the cooling effect when the 
recording mark is formed can be improved and the influence from heat caused 
when neighboring recording marks are formed can be reduced. Therefore, re- 
crystallization of the recording film can be suppressed and jitter can be 

15 decreased. Further, when the recording mark is formed on a particular track, 
the cross-erase of information recorded on neighboring tracks can be reduced. 
Accordingly, it is possible to further narrow the pitch of the tracks. 

In a preferred aspect of the present invention, the recording powers of 
the top pulse and the last pulse are set at the same level. 

20 According to this preferred aspect of the present invention, since it is 

sufficient to set the recording power of each pulse of the laser beam to one of 
two values, namely, the recording power Pw2 of the top pulse and the last 
pulse and the recording power Pwl of the intermediate pulse(s), the recording 
strategy can be simplified. 

25 In a further preferred aspect of the present invention, the first recording 

power Pwl and the second recording power Pw2 are set so that Pw2/Pwl is 
smaller than 0.9. 
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According to this preferred aspect of the present invention, since the 
first recording power Pwl and the second recording power Pw2 are set so that 
Pw2/Pwl is smaller than 0.9, the cooling effect when the recording mark is 
formed can be much improved and the influence from heat caused when 

5 neighboring recording marks are formed can be reduced. Therefore, re- 
crystallization of the recording film can be suppressed and jitter can be 
decreased. Further, when the recording mark is formed on a particular track, 
the cross-erase of information recorded on neighboring tracks can be much 
reduced. Accordingly, it is possible to further narrow the pitch of the tracks. 

10 In a further preferred aspect of the present invention, a pulse width of a 

cooling pulse of the laser beam used for forming at least one recording mark 
contained within said group is set to wider than that of any pulse of the 
recording power. 

According to this preferred aspect of the present invention, since the 
15 pulse width of the cooling pulse of the laser beam is set to wider than that of 
any pulse of the recording power, the influence from heat caused when 
neighboring recording marks are formed can be much reduced. 

In a further preferred aspect of the present invention, the pulse width of 
the cooling pulse is set to be equal to or wider than 1 .0 T. 
20 According to this preferred aspect of the present invention, since the 

pulse width of the cooling pulse is set to be equal to or wider than 1 .0 T, the 
influence from heat caused when neighboring recording marks are formed can 
be much reduced. 

In a further preferred aspect of the present invention, a length of a 
25 shortest signal between the neighboring recording marks is equal to or shorter 
than 30 ns. 

According to this preferred aspect of the present invention, it is 
possible to markedly reduce the influence from heat caused by forming 



neighboring recording marks which becomes particularly great when 
information is recorded at high data transfer rates. Specifically, since the 
length of the shortest signal between the neighboring recording marks is equal 
to or shorter than 30 ns, the cooling effect when the recording mark is formed 
5 can be much improved and the influence from heat caused when neighboring 
recording marks are formed can be reduced. Therefore, re-crystallization of a 
recording film can be suppressed and jitter can be decreased. Further, when 
the recording mark is formed on a particular track, the cross-erase of 
information recorded on neighboring tracks can be much reduced. 
10 Accordingly, it is possible to further narrow the pitch of the tracks. 

In a further preferred aspect of the present invention, the length of the 
shortest signal between the neighboring recording marks is equal to or shorter 
than 20 ns. 

According to this preferred aspect of the present invention, it is 
15 possible to markedly reduce the influence from heat caused by forming 
neighboring recording marks which becomes particularly great when 
information is recorded at high data transfer rates. Specifically, since the 
length of the shortest signal between the neighboring recording marks is equal 
to or shorter than 20 ns, the cooling effect when the recording mark is formed 
20 can be much improved and the influence from heat caused when neighboring 
recording marks are formed can be reduced. Therefore, the re-crystallization 
of a recording film can be suppressed and jitter can be decreased. Further, 
when the recording mark is formed on a particular track, the cross-erase of 
information recorded on neighboring tracks can be much reduced. 
25 Accordingly, it is possible to further narrow the pitch of the tracks. 

The above object the of the present invention can be also accomplished 
by an optical recording medium comprising at least a recording layer to which 
information is recorded by projecting a pulse-modulated laser beam thereonto 
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and forming thereon a plurality of recording marks selected from a group 
consisting of several types of recording marks each with different lengths, 
wherein: the optical recording medium comprises information required to set 
recording powers of a top pulse and/or a last pulse of a laser beam used for 
5 forming at least one recording mark contained within said group to a second 
recording power lower than a first recording power which is a recording 
power of an intermediate pulse(s) between the top pulse and the last pulse and 
record the information therein. 

According to the present invention, since the optical recording medium 

10 comprises information required to set the recording powers of the top pulse 
and/or the last pulse of the laser beam to be lower than the recording power of 
the intermediate pulse(s), the cooling effect when the recording mark is 
formed can be improved and the influence from heat caused when neighboring 
recording marks are formed can be reduced. Therefore, the re-crystallization 

15 of a recording film can be suppressed and jitter can be decreased. Further, 
when the recording mark is formed on a particular track, the cross-erase of 
information recorded on neighboring tracks can be reduced. Accordingly, it is 
possible to further narrow the pitch of the tracks. 

In a preferred aspect of the present invention, the optical recording 

20 medium further comprises information required to set the recording powers of 
the top pulse and the last pulse at the same level and record the information 
therein. 

According to this preferred aspect of the present invention, since it is 
sufficient to set the recording power of each pulse of the laser beam to one of 
25 two values, namely, the recording power Pw2 of the top pulse and the last 
pulse and the recording power Pwl of the intermediate pulse(s), the recording 
strategy can be simplified. 



In a further preferred aspect of the present invention, the optical 
recording medium further comprises information required to set the first 
recording power Pwl and the second recording power Pw2 so that Pw2IPwl is 
smaller than 0.9. 

5 According to this preferred aspect of the present invention, since the 

optical recording medium further comprises information required to set the 
first recording power Pwl and the second recording power Pw2 so that 
Pw2/Pwl is smaller than 0.9, the cooling effect when the recording mark is 
formed can be much improved and the influence from heat caused when 

10 neighboring recording marks are formed can be reduced. Therefore, the re- 
crystallization of a recording film can be suppressed and jitter can be 
decreased. Further, when the recording mark is formed on a particular track, 
the cross-erase of information recorded on neighboring tracks can be much 
reduced. Accordingly, it is possible to further narrow the pitch of the tracks. 

is The above object the of the present invention can be also accomplished 

by an information recording and reproducing apparatus that records 
information by projecting a pulse-modulated laser beam onto an optical 
recording medium and forming on the optical recording medium a plurality of 
recording marks selected from a group consisting of several types of recording 

20 marks each with different lengths, thereby recording information in the optical 
recording medium wherein: the information recording and reproducing 
apparatus comprises at least optical means for projecting the laser beam onto 
the optical recording medium and laser drive means for supplying a laser drive 
signal for controlling the laser beam, the laser drive means being adapted to 

25 supply a laser drive signal to set recording powers of a top pulse and/or a last 
pulse of a laser beam used for forming at least one recording mark contained 
within said group to a second recording power lower than a first recording 
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power which is a recording power of an intermediate pulse(s) between the top 
pulse and the last pulse. 

According to the present invention, since the recording powers of the 
top pulse and/or the last pulse of the laser beam are set to be lower than the 
5 recording power of the intermediate pulse(s), the cooling effect when the 
recording mark is formed can be improved and the influence from heat caused 
when neighboring recording marks are formed can be reduced. Therefore, the 
re-crystallization of a recording film can be suppressed and jitter can be 
decreased. Further, when the recording mark is formed on a particular track, 
10 the cross-erase of information recorded on neighboring tracks can be reduced. 
Accordingly, it is possible to further narrow the pitch of the tracks. 

In a preferred aspect of the present invention, the recording powers of 
the top pulse and the last pulse are set at the same level. 

According to this preferred aspect of the present invention, since it is 
15 sufficient to set the recording power of each pulse of the laser beam to one of 
two values, namely, the recording power Pw2 of the top pulse and the last 
pulse and the recording power Pwl of the intermediate pulse(s), the recording 
strategy can be simplified. 

In a further preferred aspect of the present invention, the first recording 
20 power Pwl and the second recording power Pw2 are set so that Pw2/Pwl is 
smaller than 0.9. 

According to this preferred aspect of the present invention, since the 
first recording power Pwl and the second recording power Pw2 are set so that 
Pw2IPwl is smaller than 0.9, the cooling effect when the recording mark is 
25 formed can be much improved and the influence from heat caused when 
neighboring recording marks are formed can be reduced. Therefore, the re- 
crystallization of a recording film can be suppressed and jitter can be 
decreased. Further, when the recording mark is formed on a particular track, 
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the cross-erase of information recorded on neighboring tracks can be much 
reduced. Accordingly, it is possible to further narrow the pitch of the tracks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a schematic drawing of the major components of an 

information recording and reproducing apparatus according to a preferred 
embodiment of the present invention. 

Figure 2 is a flow chart showing operations conducted after an optical 
recording medium 1 is inserted into an information recording and reproducing 
10 apparatus according to a preferred embodiment of the present invention and 
the information recording and reproducing apparatus switches to standby. 

Figure 3 is a cross-sectional view schematically showing the structure 
of an optical recording medium 1 that is a preferred embodiment of the present 
invention. 

15 Figure 4 is a diagram illustrating the recording strategy in the case of 

forming a recording mark of a length corresponding to 27*. 

Figure 5 is a diagram illustrating the recording strategy in the case of 
forming a recording mark of a length corresponding to 371 

Figure 6 is a diagram illustrating the recording strategy in the case of 
20 forming a recording mark of a length corresponding to 4T. 

Figure 7 is a diagram illustrating the recording strategy in the case of 
forming a recording mark of a length corresponding to any one of 5Tto ST. 

Figure 8 is a graph showing jitter in the case of using the recording 
strategy according to a Working Example. 
25 Figure 9 is a graph showing jitter in the case of using recording 

strategy according to a Working Example. 

Figures 10(a) and (b) are diagrams illustrating recording strategy 
which is another preferred embodiment of the present invention. 
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Figure 1 1 is a diagram illustrating recording strategy which is a further 
preferred embodiment of the present invention. 

Figures 12(a) and (b) are diagrams showing conventional recording 
strategy in the case of forming recording marks of lengths corresponding to 3T 
5 to nr. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be explained in 
l o detail with reference to the drawings. 

Figure 1 is a schematic drawing of the major components of an 
information recording and reproducing apparatus according to a preferred 
embodiment of the present invention. 

As shown in Figure 1, the information recording and reproducing 
is apparatus according to this embodiment is equipped with a spindle motor 2 for 
rotating an optical recording medium 1, an optical head 3 for shining a laser 
beam onto the optical recording medium 1 , a controller 4 for controlling the 
operation of the spindle motor 2 and the optical head 3, a laser driving circuit 
5 that supplies a laser driving signal to the optical head 3, and a lens driving 
20 circuit 6 that supplies a lens driving signal to the optical head 3. 

In the information recording apparatus for recording information in an 
optical recording medium, the wavelength of the laser beam used for 
recording information is preferably equal to or shorter than 450 nm and 
particularly preferably 380 nm to 450 nm and the numerical aperture N.A. of 
25 the head 3 is preferably equal to or larger than 0.7, although the apparatus is 
not limited to these values. 

Moreover, as shown in Figure 1, the controller 4 includes a focusing 
servo circuit 7, a tracking servo circuit 8, and a laser control circuit 9. When 
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the focusing servo circuit 7 is activated, the focus is aligned with the recording 
surface of the rotating optical recording medium 1, and when the tracking 
servo circuit 8 is activated, the spot of the laser beam begins to automatically 
track the eccentric signal track of the optical recording medium 1. The 

5 focusing servo circuit 7 and tracking servo circuit 8 are provided with an auto 
gain control function for automatically adjusting the focusing gain and an auto 
gain control function for automatically adjusting the tracking gain, 
respectively. In addition, the laser control circuit 9 is a circuit that generates 
' the laser driving signal supplied by the laser driving circuit 5, generates an 

10 appropriate laser driving signal based on recording condition setting 
information recorded on the optical recording medium 1 when data are to be 
recorded and generates a laser driving signal in accordance with the kind of an 
optical recording medium when data are to be reproduced so that the power of 
a laser beam is set to a predetermined power. When data are to be reproduced, 

15 the power of a laser beam is predetermined based reproducing condition 
setting information. 

Here, the "recording condition setting information" refers to conditions 
required for recording data on the optical recording medium 1. In this 
embodiment, the recording condition setting information includes at least 

20 information required for determining the power of a laser beam used for 
recording data and recording strategy described later in detail. The recording 
condition setting information may include not only various conditions required 
to record data indicated specifically, but also the recording conditions may be 
identified by specifying one of several conditions stored in advance within the 

25 information recording and reproducing apparatus. 

Note that the focusing servo circuit 7, tracking servo circuit 8 and laser 
control circuit 9 need not be circuits incorporated in the controller 4 but can 
instead be components separate of the controller 4. Moreover, they need not be 
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physical circuits but can instead be accomplished by software programs 
executed in the controller 4. Further, the laser driving means is mainly 
constituted by the laser driving circuit 5 and the laser control circuit 9 of the 
controller 4. 

Figure 2 is a flow chart showing operations conducted after an optical 
recording medium 1 is inserted into the information recording and reproducing 
apparatus according to a preferred embodiment of the present invention and 
the information recording and reproducing apparatus switches to standby. 

As shown in Figure 2, when the optical recording medium 1 is inserted 
into the information recording and reproducing apparatus according to this 
embodiment (Step SI), the controller 4 first drives the spindle motor 2, 
thereby rotating the optical recording medium 1 and simultaneously causes the 
laser driving circuit 5 to drive the head 3, thereby projecting a laser beam onto 
a recording surface of the optical recording medium 1 (Step S2). Then, the 
controller 4 causes the laser driving circuit 5 to return the head to its home 
position (Step 3). 

Further, the controller 4 conducts focus searching operation, whereby a 
focus position is determined (Step 4). During the focus searching operation, 
the head 3 is moved perpendicularly to the recording surface of the optical 
recording medium 1 under the control of the lens driving circuit 6. The 
controller 4 then sets focusing gain (Step 5). 

When the focus searching operation (Step 4) and the focusing gain 
setting operation (Step 5) have been completed in this manner, the controller 4 
activates the focusing servo circuit 7. Namely, the controller 4 turns the 
focusing on (Step 6). As a result, the focus is aligned with the recording 
surface of the rotating optical recording medium 1 . When the tracking servo 
circuit 8 is activated, the focusing gain is automatically adjusted by an auto 
gain control function. 



14 



Then, the controller 4 measures the amplitude of a tracking error signal 
(Step 7) and sets tracking gain (Step 8). The tracking gain is set (Step 8) by 
selecting an appropriate tracking gain based on the amplitude of the tracking 
error signal measured at Step 7. 
5 When the tracking gain setting operation (Step 8) has been completed 

in this manner, the controller 4 activates the tracking servo circuit 8, namely, 
turns the tracking on. As a result, the spot of the laser beam begins to 
automatically track the eccentric track of the optical recording medium 1. 
When the tracking servo circuit 8 is activated, the tracking gain is 

10 automatically adjusted by an auto gain control function. 

When the focusing servo circuit 7 and the tracking servo circuit 8 have 
been activated in this manner, the controller 4 conducts an initial setting 
operation by detecting address information, reading file registration 
information, reading the recording condition setting information and so on 

15 (Step 10) and the information recording apparatus switches to standby (Step 
11). When the information recording apparatus switches to standby, it 
becomes ready to receive instructions from a user and when it is instructed by 
the user to record data under this state, for example, the information recording 
apparatus starts recording data. 

20 Here follows a description of the structure of an optical recording 

medium according to the present embodiment. 

Figure 3 is a schematic cross section illustrating the structure of an 
optical recording medium 1 according to the present embodiment. As shown 
in Figure 3, the optical recording medium 1 consists of a substrate 11 with a 

25 thickness of approximately LI mm, a reflective layer 12 with a thickness of 
approximately 10 to 300 nm, a second dielectric layer 13 with a thickness of 
approximately 10 to 50 nm, a recording layer 14 with a thickness of 
approximately 5 to 30 nm, a first dielectric layer 15 with a thickness of 
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approximately 3 to 30 nm, and a light transmission layer 16 with a thickness 
of approximately 50 to 150 jum. In addition, a hole 17 is provided in the center 
of the optical recording medium 1. When recording data onto an optical 
recording medium with such a structure, the working distance (the distance 
5 between the objective lens used to focus the laser beam when data are 
reproduced and when data are recorded, which is a part of the optical head 3 , 
and the surface of the optical recording medium 1) is set extremely short (e.g., 
approximately 80 to 150 //m), and thus a beam spot diameter much smaller 
than that in the past is achieved. With an optical recording medium 1 having 

10 such a structure, it is possible to achieve a high data capacity and a high data 
transfer rate. In addition, the recording condition setting information described 
above is recorded on the optical recording medium 1 . 

The recording layer 14 of the optical recording medium 1 is made up 
of a phase-change film that has a different reflectance in the crystalline phase 

15 from in the amorphous phase, and this property is utilized to record data. In 
order to enable data recording at a high transfer rate, it is necessary to 
constitute the recording layer 14 as a phase change material film having a 
higher crystallization velocity. 

The unrecorded regions of the recording layer 14 are crystalline so 

20 their reflectance may be 20%, for example. To record some sort of data in such 
unrecorded regions, certain portions of the recording layer 14 depending on 
the data to be recorded are heated to a temperature in excess of the melting 
point and then rapidly cooled to change them into the amorphous state. The 
reflectance of the amorphous portions may become 7%, for example, 

25 assuming the state in which the stipulated data is recorded. Moreover, to 
overwrite data once it is recorded, the portions of the recording layer 14 that 
are recorded with data to be overwritten are heated to either above the 
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crystallization temperature or above the melting point depending on the data to 
be recorded, thus changing it into the crystalline or amorphous state. 

A recording power Pw of the laser beam shined in order to melt the 
recording layer 14, a bottom power Pb of the laser beam shined when cooling 
5 the recording layer 14 and an erasing power Pe of the laser beam shined when 
crystallizing the recording layer 14 are set so as to have the following 
relationship: 

Pw> Pe> Pb. 

Accordingly, when recording data to the optical recording medium 1, the 

10 controller 4 controls the laser driving circuit 5 via the laser control circuit 9 so 
that the power of the laser beam assumes the values Pw, Pe or Pb based on the 
recording condition setting information read from the optical recording 
medium 1, and the laser driving circuit 5 controls the power of the laser 
driving signal based thereupon. 

15 In this embodiment, in order to prevent the phase change material film 

forming the recording layer 14 from being re-crystallized, the recording power 
Pw of the laser beam used for recording data is set to Pwl or Pw2. Actual 
values of the recording power Pw and the erasing power Pe thereof can be set 
based on the crystallization velocity of the phase change material film forming 

20 the recording layer 14. 

On the other hand, in the case where data recorded in the optical 
recording medium 1 are reproduced, the controller 4 controls the laser driving 
circuit 5 based on the kind of the optical recording medium 1 via the laser 
control circuit 9 so as to determine the power of the laser beam to be a 

25 reproducing power Pr and the laser driving circuit 5 controls the power of a 
laser driving signal based on the thus determined reproducing power Pr. Here, 
the level of the reproducing power Pr of the laser beam is determined 
sufficiently low so as to prevent the temperature of the recording layer 14 of 
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the optical recording medium 1 from reaching the crystallization temperature 
of the phase change material film. 

Here follows a description of the modulation code used in a method of 
recording information according to this embodiment. In the information 
5 recording method according to this preferred embodiment, the (1,7) RLL 
modulation code can be adopted. However, the application of the information 
recording method according to the present invention is not limited to the case 
in which this modulation code is used, but rather it is naturally applicable to 
cases in which another modulation code is used. Note that in this Specification, 

io the method of shining the laser beam in order to form a recording mark, 
namely the number of pulses in the laser beam, pulse width of each pulse, 
pulse interval, pulse power and other settings are collectively called the 
"recording strategy." 

In addition, the recording condition setting information incorporated 

15 into the optical recording medium 1 contains content for determining which 
recording strategy should be used to record data, so the information recording 
and reproducing apparatus shown in Figure 1 performs the recording of data 
with the recording strategy to be described in detail below based on this 
determination. 

20 Next, examples of recording strategies will be explained in the case 

where the (1,7) RLL modulation code is adopted. Figures 4 to 7 are diagrams 
showing the recording strategy according to a preferred embodiment of the 
present invention. 

Figure 4 is a diagram illustrating the recording strategy in the case of 
25 forming a recording mark of a length corresponding to 2T. As shown in Figure 
4, when forming a recording mark of a length corresponding to 2T y the number 
of pulses in the laser beam is set to 1. Here, the number of pulses in the laser 
beam is defined by the number of times the power of the laser beam shined 
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during recording is raised to Pw (PwJ or Pw2). More specifically, taking the 
time t s to be the timing at which the laser beam is positioned at the starting 
point of the recording mark and the time t e to be the timing at which the laser 
beam is positioned at the ending point of the recording mark, during the period 

5 from the time t s to the time f e , the laser beam power is first set to Pw2 and then 
set to the power Pb. 

Here, the laser beam power before the time t s is set to Pe and the power 
of the laser beam begins to rise at the time t s . In addition, the laser beam power 
at the time t e is set to Pe or Pb. 

10 Here, when the interval from time t s to time /, shown on Figure 4 is 

defined to be T top(2T> and the interval from time /, to time t 2 is defined to be 
T cl(2T> , T top( 2T) is set to about OAT and T cl{2T) is set to about I AT. 

During the interval T top(2T) (the heating interval), the recording layer 14 
of the optical recording medium 1 receives a large amount of energy and its 

15 temperature exceeds the melting point, and during the interval T cl{2T> (the 
cooling interval), the recording layer 14 of the optical recording medium 1 is 
rapidly cooled. Thereby, a recording mark of a length corresponding to 2 T is 
formed in the recording layer 14 of the optical recording medium 1. 

As shown in Figure 4, in the case of forming a recording mark of a 

20 length corresponding to 2T, the recording strategy includes only one pulse, so 
that when this pulse is defined to be a top pulse, no last pulse or intermediate 
pulse (described later) is included in the recording strategy. Further, the 
cooling interval T ci is defined as the width of a cooling pulse and is set to be 
slightly longer than T top . The cooling interval T cl is preferably set to be equal to 

25 or longer than 1.0 T. Thus, since the width of the cooling pulse is set to be 
wider than that of a pulse of the recording power, the influence of thermal 
interference between itself and neighboring recording marks can be reduced 
and high density recording and high data transfer rate can be achieved. 
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Figure 5 is a diagram illustrating the recording strategy in the case of 
forming a recording mark of a length corresponding to 3 T. As shown in Figure 
5, when forming a recording mark of a length corresponding to 3T, the number 
of pulses in the laser beam is set to 2. More specifically, during the period 
5 from the time t s to the time t ey the laser beam power is first set to Pw2 and then 
being set to the power Pb is repeated twice. 

Here, the laser beam power before the time t s is set to Pe and the power 
of the laser beam begins to rise at the time t s . In addition, the laser beam power 
at the time t e is set to Pe or Pb. 

10 Here, when the interval from time / s to time t x shown on Figure 5 is 

defined to be T top{3T) , the interval from time t x to time t 2 is defined to be T oM3T>J 
the interval from time t 2 to time t 3 is defined to be T last{3T)y and the interval from 
time t 3 to time t 4 is defined to be T cl(3J)y T top{3T) and T last{3T) are set to about 0.47", 
T ojK3T) is set to about 0.6Tan& T ci(3T) is set to about 1.47". 

15 During the interval T top{3T) , T 0 ^ 3T) and T last{3T) (the heating intervals), the 

recording layer 14 of the optical recording medium 1 receives a large amount 
of energy and its temperature exceeds the melting point, and during the 
interval T ci(3T> (the cooling interval), the recording layer 14 of the optical 
recording medium 1 is rapidly cooled. Thereby, a recording mark of a length 

20 corresponding to 3T is formed in the recording layer 14 of the optical 
recording medium 1 . 

As shown in Figure 5, in the case of forming a recording mark of a 
length corresponding to 3T, the recording strategy includes two pulses, so that 
when these pulses are defined to be a top pulse and a last pulse, no 

25 intermediate pulse (described later) is included in the recording strategy. 
Further, the cooling interval T ci is defined as the width of a cooling pulse and 
is set to be slightly longer than T top . The cooling interval T cl is preferably set to 
be equal to or longer than 1.0 T. Thus, since the width of the cooling pulse is 
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set to be wider than that of a pulse of the recording power, the influence of 
thermal interference between itself and neighboring recording marks can be 
reduced and high density recording and high data transfer rate can be 
achieved. 

5 Figure 6 is a diagram illustrating the recording strategy in the case of 

forming a recording mark of a length corresponding to 47. As shown in Figure 
6, when forming a recording mark of a length corresponding to 47, the number 
of pulses in the laser beam is set to 3. More specifically, during the period 
from the time t s to the time t e > the set consisting of the combination of the laser 

10 beam power being first set to Pwl or Pw2 and then being set to the power Pb 
is repeated three times. Here, the laser beam power before the time t s is set to 
Pe and the power of the laser beam begins to rise at the time t s . In addition, the 
laser beam power at the time t e is set to Pe or Pb. 

Here, when the interval from time t s to time t x shown on Figure 6 is 

15 defined to be T top{4T>9 the interval from time t x to time t 2 is defined to be T OJ ^ 4T)9 
the interval from time t 2 to time t 3 is defined to be T mp{4T) , the interval from 
time t 3 to time t 4 is defined to be T offl{4T) , the interval from time t 4 to time t 5 is 
defined to be 7 /as/(47) , and the interval from time t 5 to time t 6 is defined to be 
^c/(47), T top(47) and T lasK47) are set to about 0.47, T mp{4T) is set to about 0.37, T ojK4T) 

20 is set to 1- 7^, and 7 c/(37) is set to about 1.47 is the width of a following 
pulse and if 7^, is equal to T mp , T off becomes equal to 0.7 and if T m is equal to 
T lasn T off becomes equal to 0.6. 

During the intervals 7, op(47) , 7^ 47) , T mp , 7^ 47) and T lasi(4J) (the heating 
intervals), the recording layer 14 of the optical recording medium 1 receives a 

25 large amount of energy and its temperature exceeds the melting point, and 
during the interval 7 c/(47) (the cooling interval), the recording layer 14 of the 
optical recording medium 1 is rapidly cooled. Thereby, a recording mark of a 
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length corresponding to 4T is formed in the recording layer 14 of the optical 
recording medium 1. 

As shown in Figure 6, in the case of forming a recording mark of a 
length corresponding to 47", the recording strategy includes three pulses and 
5 these are defined to be a top pulse, an intermediate pulse and a last pulse. The 
level of the recording power of the top pulse is set to Pw2 during the interval 
T top slightly lower than the recording power Pwl of the intermediate pulse. It 
is preferable for the ratio of Pw2/Pwl to be smaller than 0.9. Similarly, the 
level of the recording power of the last pulse is set to Pw2 during the interval 

10 T hst slightly lower than the recording power Pwl of the intermediate pulse. It 
is also preferable for the ratio of Pw2/Pwl to be smaller than 0.9. The 
recording power of the intermediate pulse is set so that a recording mark can 
be formed in a desired manner even when the influence of thermal 
interference between itself and neighboring recording marks is low. 

15 The cooling interval T cl is defined as the width of a cooling pulse and is 

set to be slightly longer than T top . The cooling interval T cl is preferably set to 
be equal to or longer than 1 .0 T. 

Thus, since the recording powers of the top pulse and the last pulse are 
set to be lower than that of the intermediate pulse and the width of the cooling 

20 pulse is set to be wider than that of the pulse whose power is set to the 
recording power, the influence of thermal interference between itself and 
neighboring recording marks can be reduced and high density recording and 
high data transfer rate can be achieved. 

Figure 7 is a diagram illustrating the recording strategy in the case of 

25 forming a recording mark of a length corresponding to any one of 5 T to 87". As 
shown in Figure 7, when forming a recording mark of a length corresponding 
to 5T, the number of pulses in the laser beam is set to 4. More specifically, 
during the period from the time t s to the time t e , the set consisting of the 
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combination of the laser beam power being first set to Pwl or Pw2 and then 
being set to the power Pb is repeated four times. There are two intermediate 
pulses of the power Pw2 between the top pulse and the last pulse whose 
powers are set to PwL 
5 Similarly, when forming a recording mark of a length corresponding to 

67, the number of pulses in the laser beam is set to 5 and there are three 
intermediate pulses of the power Pw2 between the top pulse and the last pulse 
whose powers are set to PwL When forming a recording mark of a length 
corresponding to 7T, the number of pulses in the laser beam is set to 6 and 

io there are four intermediate pulses of the power Pw2 between the top pulse and 
the last pulse whose powers are set to PwL When forming a recording mark of 
a length corresponding to ST, the number of pulses in the laser beam is set to 7 
and there are five intermediate pulses of the power Pw2 between the top pulse 
and the last pulse whose powers are set to PwL 

15 Here, the laser beam power before the time t s is set to Pe and the power 

of the laser beam begins to rise at the time t s . In addition, the laser beam power 
at the time t e is set to Pe or Pb. 

Here, when the interval from time t s to time t x shown on Figure 7 is 
defined to be 7* tojP(57W) , the interval from time t x to time t 2 is defined to be T oM5r _ 

20 57) , the interval from time f 2 to time t 3 is defined to be T mp{5T) , and the interval 
from time t 3 to time t 4 is defined to be T oM5T> . T mp{5T) and T oM5T) are repeated 
until time t 2n _ 4 . When forming a recording mark of a length corresponding to 
ST namely, when n is equal to 8, T mp(5T> and T oM5T} are repeated four times until 
time t 12 . Further, when the interval from time t 2n ^ to time t 2n _ 3 is defined to be 

25 T last{5T _ 8T) and the interval from time r 2n . 3 to time t e is defined to be T cl(5T _ 8J) , 
T iop(5n, T mp{ST) and 7to«57) are set to about OAT, T oM57) is set to about 0.3 T, and 
T c iQT) ls set to about 1 AT T mt is the width of a following pulse and if 7^, is 
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equal to T mp , T off becomes equal to 0.7 and if is equal to T iast9 T off becomes 
equal to 0.6. 

During the intervals T top{5T _ 8T) to T hst{5T) (the heating intervals), the 
recording layer 14 of the optical recording medium 1 receives a large amount 
5 of energy and its temperature exceeds the melting point, and during the 
interval T cl{5T> (the cooling interval), the recording layer 14 of the optical 
recording medium 1 is rapidly cooled. Thereby, a recording mark of a length 
corresponding to 5T is formed in the recording layer 14 of the optical 
recording medium 1 . 

10 As shown in Figure 7, in the case of forming a recording mark of a 

length corresponding to 5 T to 8T, the recording strategy includes four to seven 
pulses and these are defined to be a top pulse, intermediate pulses and a last 
pulse. The level of the recording power of the top pulse is set to Pw2 during 
the interval T top slightly lower than the recording power Pwl of any of the 

15 intermediate pulses. It is preferable for the ratio of Pw2/Pwl to be smaller 
than 0.9. Similarly, the level of the recording power of the last pulse is set to 
Pw2 during the interval T last slightly lower than the recording power Pwl of 
any of the intermediate pulses. It is also preferable for the ratio of Pw2/Pwl to 
be smaller than 0.9. The recording power of any of the intermediate pulses is 

20 set to a power so that a recording mark can be formed in a desired manner 
even when the influence of thermal interference between itself and 
neighboring recording marks is low. 

The cooling interval T cl is defined as the width of a cooling pulse and is 
set to be slightly longer than T (op . The cooling interval T cl is preferably set to 

25 be equal to or longer than 1 .0 T. 

Thus, since the recording powers of the top pulse and the last pulse are 
set to be lower than that of any of the intermediate pulses and the width of the 
cooling pulse is set to be wider than that of the pulse whose power is set to the 
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recording power, the influence of thermal interference between itself and 
neighboring recording marks can be reduced and high density recording and 
high data transfer rate can be achieved. 

WORKING EXAMPLE 

First, an optical recording medium like that shown in Figure 3 that had 
a substrate 11 with a thickness of approximately 1.1 mm, a reflective layer 12 
with a thickness of 100 nm, a second dielectric layer 13 with a thickness of 
20 nm, a recording layer 14 with a thickness of 12 nm, a first dielectric layer 
15 with a thickness of 35 nm, and a light transmission layer 16 with a 
thickness of approximately 100 fim was prepared. 

Recording marks of random length corresponding to one of 27" to 87 1 
were recorded on a predetermined track of the optical recording medium one 
hundred times using the recording strategy shown in one of Figures 4 to 7 
under the conditions shown in Table 1, where the clock frequency / was 132 
MHz, the clock period (IT) was 7.6 nsec, the linear recording velocity was 
10.5 m/sec, the modulation code was (1,7) RLL, the data transfer rate was 70 
Mbps, the channel bit length was 0.12 |±m/bit, the numerical aperture of an 
objective lens was 0.85 and the wavelength of a laser beam was 405 nm. 
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TABLE 1 



Clock frequency 


132 MHz 


Clock period (IT) 


7.6 nsec 


Linear Recording velocity (CLV) 


10.5 m/sec 


Modulation code 


(1,7) RLL 


Data transfer rate 


70 Mbps 


Channel bit length 


0.12 |am/bit 


Numerical Aperture 


0.85 


Laser Wavelength 


405 nm 



Then, recording marks of random length corresponding to one of 2 T to 
5 ST in the (1,7) RLL modulation code were formed a hundred times on 
neighboring tracks on both sides of the track on which the above mentioned 
recording mark had been formed. 

Further, clock jitter of the recording marks first formed on the central 
track was measured. When clock jitter was measured, the fluctuation a of a 
10 reproduced signal was measured using a time interval analyzer and the clock 
jitter was calculated as a/Tw, where Tw was one clock period. The 
measurement was repeatedly carried out while the recording power Pw\ was 
varied as a parameter. In this experiment, the recording strategy was 
determined as follows. 
15 Pe/Pwl = 0.5, Pw2/Pwl = 0.77 and Pb = 0.5; 

T top = 0.4, T mp = 0.3, T !ast = 0.4 and T cl = 1 .4; and 

T 0 ff = 1 — Tnxt 

Furthermore, as a comparative example, the above mentioned 
measurement was carried out using a conventional recording strategy. The 
20 conventional recording strategy was determined as follows. 
Pe/Pw = 0.5 and Pb = 0.5; 

T top = 0.4, T mp = 0.3, T iast = 0.4 and T cl = 0.8; and 



T = 1 — T 

1 ofT 1 1 nxt 

Figure 8 is a graph showing jitter in the case of using the recording 
strategy according to this working example wherein the abscissa axis indicates 
the recording power Pwl (mW) of the laser beam (the recording power Pw in 
5 the conventional recording strategy) and the ordinate axis indicates jitter (%). 
In other words, Figure 8 is a graph obtained by measuring jitter when the 
recording power Pwl was varied from 5.8 mW to 8.4 mW in the case of using 
the recording strategy according to the present invention and the conventional 
recording strategy. As shown in Figure 8, it was found that in the case of using 

10 the recording strategy according to the present invention, the range of the 
recording power Pwl in which jitter was equal to or lower than 10 %, for 
example, was wider than in the case of using the conventional recording 
strategy and that the power margin was widened. It is reasonable to consider 
this was because cross erase could be reduced by using the recording strategy 

15 according to the present invention even when the recording power Pwl was 
high. 

Measurement was carried out in a similar manner to the above except 
that Pe was varied as a parameter instead of Pwl. More specifically, an optical 
recording medium like that shown in Figure 3 that had a substrate 1 1 with a 

20 thickness of approximately 1.1 mm, a reflective layer 12 with a thickness of 
100 nm, a second dielectric layer 13 with a thickness of 20 nm, a recording 
layer 14 with a thickness of 12 nm, a first dielectric layer 15 with a thickness 
of 35 nm, and a light transmission layer 16 with a thickness of approximately 
100 //m was first prepared. 

25 Recording marks of random length corresponding to one of 2T to ST 

were recorded on a predetermined track of the optical recording medium one 
hundred times using the recording strategy shown in one of Figures 4 to 7 
under the conditions shown in Table 1 . 



Then, recording marks of random length corresponding to one of 27" to 
8T in the (1,7) RLL modulation code were formed a hundred times on 
neighboring tracks on both sides of the track on which the above mentioned 
recording mark had been formed. 

Further, clock jitter of the recording marks first formed on the central 
track was measured. When clock jitter was measured, the fluctuation a of a 
reproduced signal was measured using a time interval analyzer and the clock 
jitter was calculated as a/Tw, where Tw was one clock period. The 
measurement was repeatedly carried out while the recording power Pe was 
varied as a parameter. In this experiment, the recording strategy was 
determined as follows. 

Pwl = 6.6, Pw2 = 5.1 and Pb = 0.5; 

T top = 0.4, T mp = 0.3, T last = 0.4 and T cl = 1.4; and 

T 0 fr — 1 — 

Furthermore, as a comparative example, the above mentioned 
measurement was carried out using a conventional recording strategy. The 
conventional recording strategy was determined as follows. 

Pw = 6.6 and Pb = 0.5; 

T top = 0.4, T mp = 0.3, T last = 0.4 and T cl = 0.8; and 
T 0 ff ~ 1 ~ T nxt 

Figure 9 is a graph showing jitter in the case of using the recording 
strategy according to this working example wherein the abscissa axis indicates 
the erasing power Pe (mW) of the laser beam and the ordinate axis indicates 
jitter (%). In other words, Figure 9 shows a graph obtained by measuring jitter 
when the erasing power Pe was varied from 2.8 mW to 5.0 mW in the case of 
using the recording strategy according to the present invention and the 
conventional recording strategy. As shown in Figure 9, it was found that in the 
case of using the recording strategy according to the present invention, the 
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range of the erasing power Pe in which jitter was equal to or lower than 10 %, 
for example, was wider than in the case of using the conventional recording 
strategy and that the power margin was widened. It is reasonable to consider 
this was because the influence of thermal interference could be reduced by 
5 using the recording strategy according to the present invention even when the 
erasing power Pe was high. 

Figures 10(a) and (b) are diagrams illustrating a recording strategy 
which is another preferred embodiment of the present invention and shows a 
modification of the recording strategy shown in Figure 5 in the case of 

10 forming recording marks of a length corresponding to 3T. As shown Figure 10, 
in this embodiment, the recording powers of a top pulse and a last pulse are set 
different from each other and each of them is set to Pw2 or Pw2\ The 
recording power of the top pulse may be set to be lower than that of the last 
pulse (Figure 10(a)) or the recording power of the last pulse may be set to be 

15 lower than that of the top pulse (Figure 10(b)). In each case, it is preferable for 
Pw2/Pwl to be smaller than 0.9 and Pw2'/Pwl to be smaller than 0.9. Here, 
although this embodiment was explained as to the case of forming recording 
marks of a length corresponding to 3T, this embodiment is not limited to such 
a case and can be applied to any case of forming recording marks of a length 

20 corresponding to any one of 3 T to 871 

Figure 11 is a diagram illustrating a recording strategy which is a 
further preferred embodiment of the present invention and shows a 
modification of the recording strategy in the case of forming recording marks 
of a length corresponding to 6T. In this embodiment, the recording powers 

25 Pwl of a plurality of intermediate pulses are not set to be equal to each other 
but set to be different from each other. For example, as shown in Figure 1 1 , 
the recording powers of second and fourth intermediate pulses are set to Pwl ' 
and the recording power of a third intermediate pulse is set to Pwl higher than 
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Pwl \ Here, it is preferable for Pwl and Pwl ' to satisfy the conditions of 
Pw2/Pwl being smaller than 0.9 and Pw2/PwJ ' being smaller than 0.9. 

The present invention is in no way limited to the aforementioned 
embodiment, but rather various modifications are possible within the scope of 
5 the invention as recited in the claims, and these are naturally included within 
the scope of the invention. 

For example, in the above described embodiments, although the width 
of the cooling pulse is set to 1.4T, it is not absolutely necessary to set the 
width of the cooling pulse to 1 .4 if and it is possible to considerably reduce the 

10 thermal influence from neighboring recording marks if the width of the 
cooling pulse is set to be equal to or wider than LOT. 

Further, in the above described embodiments, although the explanation 
was made as to the case where the shortest signal interval was equal to or 
shorter than 20 ns at which the thermal influence from neighboring recording 

15 marks became particularly great, the present invention is not limited to such a 
case and according to the present invention, it is possible to reduce the thermal 
influence from neighboring recording marks insofar as the shortest signal 
interval is equal to or shorter than about 30 ns. 

Furthermore, in the above described embodiments, although the first 

20 recording power Pwl and the second recording power Pw2 are set so that the 
ratio Pw2IPwl is smaller than 0.9, it is not absolutely necessary to set the first 
recording power Pwl and the second recording power Pw2 in this manner and 
in the case where the first recording power Pwl and the second recording 
power Pw2 are set so that the ratio Pw2/Pwl is smaller than 1.0, a cooling 

25 effect can be obtained and it is possible to reduce the thermal influence from 
neighboring recording marks. Further, cross-erase of information recorded on 
neighboring tracks can be reduced. 
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Moreover, in the above described embodiments, although the recording 
powers of the top pulse and the last pulse are set at the same level, it is not 
absolutely necessary to set the recording powers of the top pulse and the last 
pulse in this manner and it is possible to set the recording power of the top 
5 pulse to be higher than that of the last pulse or the recording power of the top 
pulse to be higher than that of the last pulse insofar as the recording power of 
the top pulse does not exceed the recording power of any of the intermediate 
pulses. 

Further, in the above described embodiments, although Pw2/Pwl is set 

10 independently of the lengths of preceding space and following space, it is not 
absolutely necessary to set Pw2/Pwl in this manner and Pw2IPwl may be set 
depending upon the lengths of preceding space and following space. In this 
case, Pw2/Pwl can be set smaller as the lengths of preceding space and 
following space are shorter and Pw2IPwl can be set larger as the lengths of 

15 preceding space and following space are longer. 

Furthermore, in the above described embodiments, the number of 
pulses of the laser beam was set to 1, 2, 3, 4, 5, 6 and 7 when forming 
recording marks with lengths corresponding to IT, 3T, AT, 5T, 6T, 7Tand ST, 
respectively. However, the recording strategy according to the present 

20 invention is not limited thereto and a different recording strategy may be 
adopted. Moreover, the present invention is not limited to the case of forming 
recording marks with lengths corresponding to 27 to ST in the (1,7) RLL 
modulation code but can be applied to a case of forming recording marks with 
lengths corresponding to 3 T to 1 IT and 14 Tin the 8.16 RLL modulation code. 

25 In addition, while the optical recording medium 1 shown in Figure 3 is 

given as an example of a suitable optical recording medium for the application 
of the method of recording information to an optical recording medium 
according to the present embodiment, the information recording method 
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according to the present invention is not limited in being applicable only to 
this optical recording medium, but rather it is applicable to any kind of optical 
recording medium so long as it is a recordable optical recording medium. 
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